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Monday, February 27, 2012 241amonolayers approaching 100 nm in lateral dimension on the time scale of tens
of microseconds. Lipid mixtures containing saturated and unsaturated lipids
and cholesterol were studied under varying surface tension (0-40 mN/m) and
temperature (270-323 K). Compositional lipid de-mixing and coexistence of
liquid-expanded and liquid-condensed phases as well as liquid-ordered and
liquid-disordered phases was reproduced. Formation of the more ordered phase
induced by lowering the surface tension or temperature occurred via either
nucleation and growth or spinodal decomposition. Using cluster analysis com-
bined with Voronoi tessellation we characterized in detail the properties of the
phases and kinetics of domain growth. Area fraction and lipid composition of
each phase, and boundary length were obtained as a function of temperature
and surface tension. We also simulated lipid monolayers connected to bilayer
reservoirs in water, which are relevant for the function of lung surfactant.
The distribution of phases between the monolayers and bilayers, and the effect
of domains on monolayer stability were determined.
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Mixing Martinis: Atomistic Simulations of MscL in a Coarse Grained
Environment
Tsjerk A. Wassenaar, Lars V. Schafer, Helgi Ingolfsson,
Siewert-Jan Marrink.
University of Groningen, Groningen, Netherlands.
The large conductance mechanosensitive channel is a tension controlled safety
valve in bacterial membranes, and is of interest for the development of
controlled-release drug-delivery vesicles. Molecular dynamics simulations
have been employed before to gain understanding in the mechanisms involved
in opening the channel. In particular, atomistic simulations have been per-
formed to assess the mechanistic details. Yet the time scales accessible in
such simulations are too limited for observing opening. For that reason,Fig. 1: Snapshots ofcoarse-grained simulations have been em-
ployed, which allow sampling larger sys-
tems for longer times. Yet such
simulations fall short on the details of
the mechanism. To combine the best of
both worlds, a multiscale simulation setup
has been developed in which MscL is in-
cluded in atomistic detail. The surround-
ing membrane and solvent, which are of
less interest, are modeled at the coarse
grained level, using the MARTINI force
field. The simulations add to building
a comprehensive model of tension in-
duced channel opening.CHOL flip-flop dy-
namics. The lipid
head-groups, tail-
groups and choles-
terol molecules are
shown in yellow,
cyan and red, re-
spectively. The
flip-flopping mole-
cule is highlighted
with the hydroxyl
head in blue and
the rest in magenta.1217-Plat
Quantitative Membrane Bending Energies at Extreme Curvatures from
Molecular Dynamics Simulations
Gregory Bubnis, H. Jelger Risselada, Helmut Grubmueller.
Max Planck Institute for Biophysical Chemistry, Goettingen, Germany.
At mesoscopic length scales and small curvatures, Helfrich’s well established
continuum model [1] provides accurate membrane bending and stretching
energies. For the small nanometer scales and extreme curvatures relevant for
fundamental biological processes like synaptic fusion and tubulation, however,
its validity is unclear. To test whether or not the bending energy remains
a harmonic function of curvature, described by a simple bending modulus,
we developed and applied a new type of collective umbrella sampling molec-
ular dynamics (MD) simulations.
Most MD simulations computing bending moduli are limited to thermally
accessible energies (a few kBT) and curvatures. In this limited regime, the
harmonic approximation has been repeatedly confirmed. Very few simulation
strategies exist to compute bending energies at higher curvatures, due to the
inherent difficulty of controlling membrane structures. These simulation
studies have generally verified the harmonic bending approximation but were
limited by the requirements of a soft coarse grained lipid model[2], and un-
avoidable coupling between bending and stretching[3]. To overcome these
limitations, we have developed a novel approach to control membrane curva-
ture thereby accessing the regime of <10nm curvature radii and ~50 kBT
energies. Our preliminary results show that at high curvatures, moduli have
a small positive deviation from the harmonic approximation, that would not
be discernible in the flat/thermal regime. As expected, we observe that increas-
ing temperature decreases the elastic moduli and that ethanol and cholesterol
act to soften and stiffen membranes, respectively.
[1] W. Helfrich, Naturforsch [C] 28, p693 (1973).
[2] V.A. Harmandris and M. Deserno, JCP 125, p204905 (2006).
[3] W.K. den Otter and W.J. Briels, JCP 118, p4712 (2003).1218-Plat
Molecular Dynamics Simulations of Membrane Proteins: Getting the
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Santiago de Compostela, Santiago de Compostela, Spain.
Over the past decade atomistic molecular dynamics simulations have become
an established tool for studying the conformational dynamics and interactions
with local environment of membrane proteins. While a great deal of valuable,
molecular-level insight has been obtained from such simulations, in order to
fully utilise their predictive power, it is important to continually validate and
improve the methods and models that are used.
The accuracy of molecular dynamics simulations is dependent upon the quality
of the force fields used to describe the interactions between particles in the sys-
tem. Whilst numerous studies have compared different atomistic protein force
fields, there have been fewer studies comparing force fields for membranes/
membrane protein simulations. Thus it is timely to initiate such a study.
In the present work, we have tested the accuracy of five atomistic force fields
used to simulate two different phospholipid membranes (namely the zwitter-
ionic DPPC and POPC lipids). Multiple simulations, each 200 ns in length,
have been performed to evaluate the reproduction of a range of physical prop-
erties. In addition, we have performed simulations of six different membrane
proteins (3 alpha-helical and 3 beta-barrel proteins of varying size: melittin,
KcsA, mitochondrial ADP/ATP carrier, OmpA, OmpG and FhuA) in both
DPPC and POPC membranes using the same five lipid force fields, combined
with appropriate protein force fields. Our simulations, which are in total over 60
microseconds in length, allow for a systematic comparison between frequently
used combinations of lipid and protein force fields and thus will be a valuable
resource for the membrane protein simulation community.1219-Plat
Cholesterol Flip-Flop Dynamics in a Phospholipid
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Presence of cholesterol (CHOL) molecules in cell mem-
branes plays a key role in the structural properties of
cell membranes. Also the dynamics of CHOL molecules
in the cell membrane is an important biological process.
Using all-atom molecular dynamics (MD) and parallel
replica approach, we study the mechanism of CHOL
flip-flop in a dipalmitoylphosphatidycholine (DPPC)-
CHOL bilayer. The simulations are carried out at phys-
iologically relevant CHOL concentration (30%), temper-
ature 323 K and pressure 1 bar. The longest simulation
is run for seven microseconds. CHOL flip-flop events
are observed at a rate with a time constant in the sub-
microsecond regime. Figure 1 shows a CHOL flip-flop
event. Once a flip-flop event is triggered, a CHOL mol-
ecule takes about 62 nanoseconds to migrate from one
bilayer leaflet to the other. The energy barrier associ-
ated with these events is found to be 73 kJ/mol. Results
for mechanical stresses in the bilayer will also be
presented.1220-Plat
Computational Study of Self-Aggregation and Interaction of Amyloidgenic
Peptide Oligomers with a Lipid Bilayer
Loan K. Huynh1,2, Ana Nikolic1, Re´gis Pome`s1,2.
1University of Toronto, Toronto, ON, Canada, 2Molecular Structure and
Function, Hospital for Sick Children, Toronto, ON, Canada.
The toxicity of many neurodegenerative pathologies, including Alzheimer’s,
Parkinson’s, and prion diseases, is thought to involve the interaction of oligo-
meric aggregates of amyloidogenic proteins with neuronal membranes. To gain
insight into the molecular basis of toxicity, we conducted atomistic molecular
dynamics simulations of prion and other amyloid-forming protein fragments in
the presence of hydrated lipid bilayers. To probe peptide-bilayer interactions
and peptide self-aggregation, we performed both canonical simulations and
temperature virtual replica exchange (TVREX)1 simulations totalling over
20 microseconds. In the canonical simulations, peptides rapidly partition
at the water-bilayer interface but, due to the long conformational autocorrela-
tion times of lipid bilayers, diffuse slowly and fail to aggregate within 2 micro-
seconds. By contrast, TVREX enhances the rate of convergence of equilibrium
242a Monday, February 27, 2012properties. In the first 0.15 microseconds of TVREX simulations, b-sheet and
a-helical aggregates form both at the interface and in the hydrophobic core
of the lipid bilayer. We quantify the extent to which these aggregates compro-
mise the integrity of the lipid bilayer. This analysis indicates that fragments of
human prion peptides and of Alzheimer’s-related apolipoprotein, which form
b-sheet amyloid fibrils in vivo, are capable of forming b-sheet aggregates
that disrupt lipid bilayers. Taken together, our results reveal, in atomistic detail,
a variety of modes by which amyloidogenic peptides may disrupt lipid bilayers,
providing mechanistic insights into the molecular basis of toxicity in this im-
portant class of human diseases.
(1) S. Rauscher, C. Neale and R. Pome`s, J. Chem. Theory Comput., 2009,
5:2640-2662.
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A Coarse Grained Molecular Dynamics Study of Amyloid Beta Trans-
membrane Pores
Shachi Katira, Teresa Head-Gordon.
University of California, Berkeley, Berkeley, CA, USA.
Amyloid-beta protein has been implicated in the pathogenesis of Alzheimer’s
disease for many decades now. However, the exact molecular mechanism by
which it effects neurodegeneration is not yet understood. One promising dis-
ease model is based on the discovery that amyloid-beta forms large pores across
lipid bilayers. These pores cause an uncontrolled flux of ions as well as larger
molecules and can potentially disrupt cell homeostasis. AFM images of
amyloid-beta pores provide an estimate of the size and symmetry of the pores,
but the secondary and tertiary structure of amyloid-beta within the membrane is
unknown. This study tests the stability of a hypothetical pore structure and will
predict the number of monomers within amyloid-beta pores using coarse-
grained molecular dynamics simulations. The change in stability of the pore
structure with changes in membrane composition will also be investigated,
since membrane composition is known to vary with age - the greatest risk factor
for Alzheimer’s disease.Platform: Protein Aggregates
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Oxidative Footprinting of Fibrillar and Prefibrillar Oligomer Forms of
Amyloid Beta
Alexandra L. Klinger, Paul H. Axelsen.
University of Pennsylvania, Philadelphia, PA, USA.
The mechanism by which amyloid-b (Ab) plaque accumulation contributes to
neurodegeneration in Alzheimer’s disease (AD) remains poorly understood.
With biophysical, thermodynamic and kinetic characterization of the various
Ab structures involved in plaque development, we aim to identify connections
between polymerization cascade events and AD pathogenesis. Herein, we pres-
ent oxidative footprinting with mass spectrometry to probe the solvent accessi-
bility of specific amino acid side chains in Ab40 fibrils and oligomeric forms of
Ab40. These accessibilities are compared to those of a fully exposed reference
state using hydroxyl radicals (*OH) generated either by water radiolysis or by
Fe(II)-EDTA reaction with peroxide. Using this information we distinguish
topological relationships within the fibril to allow selection of the relevant
tertiary structural model of fibrillar Ab from those suggested by NMR and those
by cryogenic electron microscopy. This work provides important steps towards
correlating structure and morphology in Ab fibrils – essential for understanding
the molecular pathogenesis of AD.
1223-Plat
Tracking Conformational Changes during Amyloidogenesis in Real-Time
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Jeffrey R. Brender, Vivekanandan Subramanian,
Janarthanan Krishnamoorthy, Michele F.M. Sciacca,
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Understanding the structural transitions that amyloid proteins undergo during
amyloidogenesis would greatly enhance our understanding of this process.
However, our knowledge has been currently largely limited to global confor-
mational changes, with high-resolution structural information only available
for the monomeric proteins and for a few structures of the final amyloid prod-
uct. In particular, high-resolution structures of intermediate states have been
notoriously absent with few exceptions. We show here that high-resolution
structures of intermediates can be obtained by using SOFAST-HMQC,
CPMG, NOESY, magic-angle-spinning, and other experiments in real-time
to track the aggregation pathway at atomic-level detail and at a time-resolution of minutes. As examples, we show the aggregation pathways of
Ab and IAPP, two initially unstructured peptides implicated in Alzheimer’s
and type II Diabetes, respectively.
While previous studies commonly show the Ab1-40 is largely unstructured in
solution before the formation of b-sheet oligomers, we show that Ab1-40 grad-
ually adopts a compact, partially folded helical structure over a period of
several days. In this structure, the central hydrophobic region of the peptide
forms a 310 helix from H13 to D23 and the N- and C-termini collapse against
the helix due to the clustering of hydrophobic residues (pdb:2LFM). The forma-
tion of the helical intermediate is concentration dependent and can be partially
reversed by dilution of the peptide. Helical intermediates have been predicted
to be crucial on-pathway intermediates in amyloid fibrillogenesis, and the struc-
ture presented here presents a new target for structure-based intervention,
shown here by the interaction of the helical intermediate with polyphenols.
By contrast, the more amyloidogenic IAPP peptide shows only a gradual tran-
sition to the fiber form after an initial pH dependent formation of a micelle-like
aggregate, with distinct b-sheet small oligomers forming only a small fraction
of the observable population.
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A Comparison of Beta-Sheet Production Across Mutants and the Effects
of B17 on Inhibition of Fibril Formation
Sean C. Reinsalu1, Sandra Chimon-Peszek2.
1DePaul University, Crystal Lake, IL, USA, 2DePaul University, Chicago,
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Beta-sheet fibril deposits are a crucial hallmark of Alzheimer’s disease. Char-
acterized by accumulations of highly toxic beta-sheet structures, fibril tangles
disrupt synaptic function causing impaired memory. Amassing toxicity results
in neuronal degradation and ultimately complete brain death. Beta-amyloid
research focuses on one region of the 40-42 amino acid length beta-
amyloid known as ‘‘KLVFFA’’; this region, from residues 16-21, is believed
to be the single, shortest, and most important contributor to beta-sheet forma-
tion. However, these theories overlook the crucial portion of the peptide, at
residues 23-28, containing an ionic interaction inducing a hair pin turn.
This potential rate limiting step in the folding of beta-amyloid provides
new insight into the pathogenesis of Alzheimer’s disease. Cleavage at resi-
dues 22 and 35 excludes the effect of ‘‘KLVFFA’’ and limits secondary fold-
ing interactions of the N-terminus after 35. Spectral analysis of the Wild
Type WT Ab22-35 lays ground work for various single point mutations
within the shorter fragment. Ab-E22G and Ab-D23N, also known as the Arc-
tic mutation and Iowa mutation respectively, are characterized by faster accu-
mulation of amyloid fibrils. Beta-sheet production occurs rapidly, but can be
observed by the implementation of ATR-IR spectroscopy focusing on signa-
ture chemical shifts in the amide one and amide two regions within the pep-
tide. Second, pentamaric binding of multiple secondary beta structures to
Congo-Red dye solution confirms the production of beta-sheets via UV/Vis.
Moreover, time dependant TEM imaging of the WT revealed the presence
of fibrils, demonstrating the importance of studying this shorter fragment.
Suppression of fibril formation by the addition of concentrated orthomolecu-
lar compounds could yield therapeutic techniques or possibly even a cure for
Alzheimer’s disease.
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Simulation of Amyloid Nucleation with Bias-Exchange Metadynamics
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Starting from a disordered aggregate, we have simulated the formation of
ordered amyloid-like beta structures in a system formed by 18 poly-valine
chains in explicit solvent, by employing molecular dynamics accelerated by
bias-exchange metadynamics. We exploited 8 different collective variables
to compute the free energy of hundreds of putative aggregate structures, with
variable content of parallel and anti-parallel beta-sheets and different packing
among the sheets. This allowed characterizing in detail a possible nucleation
pathway for the formation of amyloid fibrils: first the system forms a relatively
large ordered nucleus of anti-parallel beta-sheets, then a few parallel sheets
start appearing. The relevant nucleation process culminates at this point:
when a sufficient number of parallel sheets is formed, the free energy starts
to decrease towards a new minimum in which this structure is predominant.
The complex nucleation pathway we found cannot be described within classical
nucleation theory, namely employing a unique simple reaction coordinate like
the total content of beta-sheets.
